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Mobile robot 

The present invention relates to a mobile robot. In 
particular, the invention relates to a mobile cleaning 
5 robot . 

The collection of dust particles on surfaces, and 
especially on floors, is a general problem in dwellings, 
office landscapes, laboratories and the like. Such 
10 collections of dust are unpleasant and, on many occasions, 
also represent a health problem for many asthmatics. 
Therefore, the floor spaces must be regularly washed or 
vacuumed. In most cases this is carried out manually, 

15' It is an object of the present invention to provide a 

solution for the automatic removal of dust, and the present 
invention provides a mobile robot that can carry out such 
work. This solution shall not completely replace manual 
cleaning work, but shall be an addition to this, and 

20 thereby shall reduce the need for manual cleaning. 

Thus, it is an object of the present invention to provide a 
mobile robot which, during a given period of operation, can 
remove a substantial part of the dust particles that can be 
25 found on a floor surface, for example in an office 
landscape. 
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With present technology, one has knowledge of complicated 
mobile robots. Programmes can control the movements of the 
robot so that it can be moved in a desired movement 
pattern. 

For example, US Patent No. 5,440,216 describes a robot 
which is capable of being automatically moved to a station 
for charging of its batteries. US Patent No. 5,787, 545 
also describes a mobile robot for vacuuming. 

However, both of these solutions are relatively complex and 
both use a processor for controlling the movement of the 
robot . 



15 The object of the present invention is, however, to provide 
a very simple robot. This must be of a very simple design 
and construction, and it must be able to be produced so 
cheaply that individual people will be able to regard it as 
an inexpensive supplement to conventional cleaning 

20 equipment. This is not possible with the solutions that are 
described in the prior art. 

Furthermore, it is an object of the present invention that 
the robot which is provided shall not comprise complicated 
25 control systems', and it is therefore an object not to make 
use of computer processors to control the movement of the 
robot • 

In the two. solutions which are indicated above, the drive 
30 unit itself is permanently built into the top-hat itself. 
An object of the present invention is, however, to achieve 
a ''random direction of movement", and this is best achieved 
if a large number of different factors will influence the 
''choice of direction of movement". One way of achieving 
35 this is to let the robot be subjected to many "impact 



wo 02/39864 PCT/NOOl/00429 

3 

moments", i.e. situations in which the robot, or the 
driving gear, collides with another object, which initiates 
a change in direction. 

5 By arranging the drive unit in the top-hat in such a way 
that the drive unit is not fixed to the top-hat, but can be 
moved freely in relation to this, within an area which is 
limited by the top-hat, the number of impact points, or 
Impact moments, will increase substantially, as the change 
10 in direction will also be initiated by the driving gear 
hitting the inside of the top-hat. 

To our knowledge such systems are not described in the 
prior art, and therefore, with the present invention, a new 

15 movable robot is provided, and this can be used for many 
different applications. As the object of the development 
work with the robot was to develop a robot for cleaning, 
the examples which are given below are directed towards 
such an embodiment, but it must be pointed out that the 

20 invention comprises the robot per se, and the invention is 
not limited to robots which can be used for cleaning. 

Thus, a central feature of the present invention is that 
the driving gear which brings about movement of the robot 
25 is not fixed to the top-hat itself. 

A currently preferred embodiment of the drive unit in 
accordance with the invention is a ball in which, arranged 
inside the ball, is a driving gear which brings about a 
30 rotation. of the ball. 

Thus, the present invention is characterised in that it 
comprises a drive unit and a top-hat, where the drive unit 
is. in contact with the surface, and that the drive unit is 
35 arranged inside and freely in relation to the top-hat, and 
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* 

where the top-hat, which at least partially surrounds the 
drive unit, in the section which is turned towards the 
surface, extends further than the drive unit such that a 
space between the top-hat and the drive unit is established 
5 so that the drive unit freely pushes towards and randomly 
moves the top-hat over the surface. 

More detailed embodiments of the invention are described in 
the subclaims 2-13. 

10 

A presently preferred embodiment of the robot comprises a 
cleaning robot for removal of dust from a surface, in which 
one or more cleaning cloths, which are in contact with the 
surface that is to be cleaned, are fastened to the top-hat 
15 in a removable fashion. 

The present invention will now be described in more detail 
with reference to the enclosed figures, in which: 

20 Fig. 1 shows, in a segment of a section, how a drive unit, 
in this embodiment a ball, is arranged inside a half-ball 
formed top-hat. 

Fig. 2 shows a cleaning cloth fastened to the top-hat of 
25 the robot. 

Fig. 3 shows how a vacuum suction unit is fitted to the 
top-hat of the robot. 

30 Fig. 4 shows a simulation of the time it will take to 
achieve treatment of a given area. 



35 



Fig. 5 shows an alternative embodiment of a top-hat, and 
how a cleaning cloth is fastened to it. 



wo 02/39864 



5 



PCT/NOOl/00429 



Fig. 6 shows an alternative embodiment of the top-hat.- 

With reference to fig. 1/ the central concept according to 
the invention is described. A moveable robot 10 is 
5 established by arranging a drive unit 12 inside a top-hat 
14, and is placed on a surface 16 such as a floor 16. In 
the embodiment shown, the drive unit consists of a ball 12 
with a ball-formed outer framework and an internal driving 
gear. To use a ball as a drive unit for the robot is the 
10 presently preferred embodiment r but it must be pointed out 
that other drive units can also be used, for example drive 
units which use wheels. The central concept is that the 
drive unit is not fixed to the top-hat - 

15 The driving gear (not shown in the figures) which is used 
inside the ball can be of any kind, and thus the invention 
does not comprise the driving gear itself. For example, 
driving gears for balls, as described in WO 99/30876, WO 
97/25239, and US Patent Nos. 4,733,737, 4,726,800, 

20 4,541,814 and 4,501,569, can be used. The driving gear has 
electronic control circuits to start and stop the driving 
gear, and a power source, for example batteries. A 
presently preferred driving gear for the ball comprises a 
weight, the position of which can be changed by means of a 

25 driving gear, and where the weight moves along the inside 
of the framework of the ball so that the centre of gravity 
of the ball is changed as this brings about a movement of 
the ball. Thus the drive principle is based on a momentum 
of rotation. 

30 

It must be emphasised that to provide a cheap mobile robot 
is an object of the present invention, and the directions 
of the movements of the robot are therefore not controlled, 
i.e. no use is made of artificial neural networks or fuzzy 
35 logic" or memory orientated control logic. 
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The top-hat 14 which in a preferred embodiment is half-ball 
shaped, as shown in fig. 1, has in the section which is 
turned towards the floor, a diameter which is somewhat 
5 larger than the diameter of the ball 12. The height of the 
top-hat 14 is preferably also somewhat larger than the 
diameter of the ball 12. This establishes a space 15 
between top-hat 14 and ball 12. The ball 12 will be moved 
inside this space 15, and the combined action of the ball 

10 and the top-hat will make the robot 10 move as the ball 12 
pushes against the top-hat 14. When the robot 10 hits an 
object, for example the leg of a chair or a section of a 
wall, the escape control of the robot 10 will be based on 
an infinite number of random searches. This implies that 

15 the direction changes randomly" as the robot 10 hits an 
object. The joint action between the movement dynamics of 
the ball 12 and its collision with the walls is also 
defined by the space 15, i.e. collisions between the drive 
unit and top-hat cause the ball to get an arbitrary 

20 movement pattern independent of the objects the robot 10 
collides with. Tests with the prototype has shown that the 
robot 10 is very capable of ^'coming free" from physical 
barriers on the floor. 

23 The form of the ball 10 makes the ball 10 move with a low 
friction against the floor. The ball can be made from any 
material, but the material that constitutes the outer 
surface of the ball 10 must have sufficient friction 
against the floor so that the rotating movements of the 

30 ball result in the ball 10 being moved in relation to the 
floor. 

The top-hat 14 can be manufactured in many different ways. 
The solution which is described above, with reference to 
35 fig. 1, is only one alternative. In this solution, the 
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whole ball is surrounded by the top-hat. Other 
representative embodiments of the top-hat are explained 
below. 

5 A further aspect of the invention relates to a cleaning 
robot. The central concept here is that it is possible to 
fix the cleaning means to the top-hat. In testing of this 

cleaning robot", the inventor has shown that by using 
electrostatic cloths, dust and dirt are removed effectively 
10 from the floor which is to be cleaned. 

To establish a cleaning robot it must be possible to secure 
cleaning means to the top-hat. 

15 Thus, fig. 2 shows a top-hat where arranged to the lower 

section of the top-hat is a velcro system for securing of a 
cleaning cloth. 

Alternative embodiments of the top-hat are shown in figures 
20 5 and 6. In figure 6, the top-hat is not a half -ball formed 
hat which surrounds the whole ball, but just a framework 20 
which sets the limits of the area of movement 15 for the 
ball. This framework has a height which is sufficient for 
collisions between ball and framework to effecting a 
25 movement of the framework. 

Furthermore, an embodiment is shown in^ fig- 5 in which the 
top-hat, in the section which is turned towards the floor, 
has a section 28 radially extending outwards to establish a 
30 surface onto which the cleaning cloth 30 can be fastened. 

The presently most preferred embodiment of the invention is 
a combination of the features shown in figs. 5 and 6, i.e. 
the top-hat is just a framework, but with an outwardly 
35 extending section 28 for fastening of a cleaning cloth 30. 
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The cleaning cloth can, for example, be secured to the top^ 
hat with velcro 26 (in most cases it is sufficient that the 
velcro is secured to the top-hat as the cloth material in 
itself will often attach itself to the Velcro) . This 
5 solution implies that the cleaning cloth 30 lies pressed 
between the section 28 of the top-hat 12 and the floor 16, 
i.e. the cloth is arranged underneath the top-hat 12 
itself. Therefore, arranged in the cleaning cloth, is an 
opening such that the drive unit is in contact with the 
10 floor. 

The section 28 can have a circular shape, but other 
embodiments are also possible. For example, tested at 
present is a square section 28, with a square cloth 30, to 

15 see if this cleans more effectively along walls and in 
corners. Furthermore, it shall be mentioned that the 
dimensions of the cloth 30 do not need to be identical with 
the shape of the section 28. In a preferred embodiment, the 
cloth extends further than the section 28 so that the 

20 outermost part of the cloth will be more flexible (as it is 
not in contact with the section 28) such that it can be 
moved a small distance up adjoining surfaces (such as 
walls) . 

25 In a further alternative embodiment, the cleaning cloth 

itself is arranged over the top-hat. This embodiment is not 
shown in the figures- 

If equipment with a considerable specific gravity in 
30 relation to the top-hat is to be fixed to the top-hat 14, 
for example a device for vacuiim cleaning, the top-hat can 
be equipped with balls/wheels (not shown in the figures) 
down towards the floor so that the friction of the top-hat 
against the floor is reduced. 

35 
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As mentioned previously, the movement pattern of the robot 
10 is governed by the collisions which arise between the 
robot and objects in the room (chair legs, walls and the 
like) , and by the collisions which occur between the drive 
5 unit and the inside of the top-hat. The robot will, 
therefore, after a given time have moved in an 
''arbitrary /random" pattern across the floor. Calculations 
can be made in which parameters such as the area and shape 
of the floor, furniture (chair legs and table legs, other 

10 office equipment and the like) , area and extent of cleaning 
devices, the speed of the robot etc. is taken into account 
so that one can estimate the size of the fraction of the 
floor which will be treated during a given time. For 
example, one can estimate that 95% of the floor is treated 

15 at least once if the robot is allowed to move for 2 hours. 

As the robot shall not completely replace conventional 
cleaning, an estimate of, for example 95%, will be 
sufficient in most cases. One can then imagine that the 
20 robot works in one office landscape a couple of hours every 
day after the personnel have finished their working day. 
See example 1 below. 

Dusters can, for example, be used as cleaning means. It is 
25 preferred to use electrostatically charged dusters and 

these are available on the market. These will attract dust 
particles when they are pushed across the floor surfaces. 
As mentioned above, the shape of these dusters is adapted 
to the particular application together with the cleaning 
30 robot, i.e. possibly equipped with velcro adapted to the 
velcro of the robot, and they are equipped with an opening 
adapted for positioning of the top-hat and/or the drive 
unit. 
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Cleaning robots of this type, as is shown in fig. 2, can be 
of any size, but for the prototype which has been 
developed, the ball has a diameter of 10 cm, and the top- 
hat has a diameter, for the section which is turned towards 
5 the floor, of about 20 cm. 

An embodiment is shown in fig. 3 where the cleaning 
equipment is a vacuum suction unit. In the embodiment shown 
in the figure, the top-hat itself is shaped as a vacuum 

10 suction unit, such that the drive unit pushes the vacuum 

suction unit along the floor surface. Again it is preferred 
that the cleaning robot is very simple, and to establish a 
vacuum suction, it is in principle sufficient with two 
chambers 20 and 22 in which a fan 26 establishes an under- 

15 pressure such that air is sucked though a one-way valve 23 
by way of a number of openings 24 facing down towards the 
floor surface, and into the chamber 20. The air is filtered 
through a filter 25 before it exits from the chamber 20. 

20 Alternatively, a vacuum suction unit is secured to a top- 
hat of the type shown in fig. 2 or fig. 6. 

As the invention is exemplified with reference to 
application as a cleaning robot, i.e. equipped with either 

25 a duster or a vacuum cleaner, it shall be emphasised that 
the general concept of the invention consists of arranging 
a drive unit with a driving gear in a top-hat such that 
these together bring about a movement across the floor. 
Thus, the invention is not limited to robots which clean, 

30 but such cleaning robots as shown in the figures are at 
present the most preferred embodiments of the invention. 
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Example 1 - Simulation 

A simulation based on a theoretical model is shown in fig 
5 4. 



10 



Atot 



The total area (cm^) 

Width of the cloth (cm) 

Speed of the cloth (cm/sec) 

Area (cm^) which is covered; i is an index 

which is updated every second. 



A{i + 1) = A(i) + (i:^ * ii: J * ^^^^ 



15 For every update (i.e. every second) a new area is added, 
Kb * Kh, which is adjusted with a factor which decreases 
with the area that is already covered. With the parameter 
values Atot= 5m*6m=30m^ (300000 cm^) , Kb=20cm and Kh=50cm/sec 
it will, for example, take 11*^ min to cover 90% of the 

20 area. Reference is made to fig. 4 which shows the 

relationship between percentage area that is covered by the 
electrostatic duster and operating time. 
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Claims 



1. Mobile robot (10) for random movement across a surface 
(16) characterised in that it comprises a drive unit (12) 
5 and a top-hat (14), in which the drive unit (12) is in 

contact with the surface (16), and that the drive unit (12) 
is arranged inside and free in relation to the top-hat 

(14) , and in which the top-hat (14), which at least 
partially surrounds the drive unit (12) , in the section 

10 which is turned towards the surface (16) has an extension 
which is greater than the drive unit (12) such that a space 

(15) is established between the top-hat (14) and the drive 
unit (12) so that the drive unit (12) freely pushes against 
and randomly moves the top-hat (14) across the surface 

15 (16) . 



2. Mobile robot (10) in accordance with claim 1, 
c haracterised in that the top-hat (14) is shaped as a half- 

20 ball formed body- 

i 

3. Mobile robot (10) in accordance with claim 2, 
characterised in that the top-hat (14) is shaped as a 
framework. 

25 

4. Mobile robot (10) in accordance with one of the claims 
1-3, characterised in that the drive unit (12) is in the 
shape of a ball (12) with an internal driving gear. 

30 5. Mobile robot (10) in accordance with one of the claims 
1-4, characterised in that it has no intelligent logic, but 
where the movement pattern is solely based on an infinite 
number of random searches. 
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6. Mobile robot (10) in accordance with one of the claims 
1-5, characterised in that to the top-hat (14), or as a 
part of the top-hat (14), is arranged means for cleaning of 
the surface (16) . 

1, Mobile robot (10) in accordance with claim 6, 
characterised in that the mentioned means comprises one or 
more dusters (30) . 



10 8. Mobile robot (10) in accordance with claim 6, 

characterised in that the dusters (30) are of the type 
electrostatic dusters. 

9. Mobile robot (10) in accordance with one of the claims 
15 1-8, characterised in that the cleaning cloths (30) are 
placed over the top-hat (14), and that they stretch over 
this such that a section of the cleaning cloths (30) is in 
contact with the surface (16) which is to be cleaned. 

20 10. Mobile robot (10) in accordance with one- of the claims 
1-9, characterised in that an opening adapted for 
positioning of the top-hat (14) is cut out in the cleaning 
cloths (30), preferably in the centre of the cloth. 

25 11. Mobile robot (10) in accordance with one of the claims 
9-10, characterised in that, with the top-hat (14) 
comprising a section which extends over the floor surface 
(16) , as described in fig. 5, the shape of the cleaning 
cloth (30) is adapted to this extension (28) such that the 

30 cleaning cloth (30) can be arranged on the underside of the 
extension (28), so that it is positioned between the top- 
hat (14) and the surface (16) which is to be cleaned. 
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12. Mobile robot (10) in accordance with claim 5, 
characterised in that the cleaning means comprises means 
for vacuum suction. 

5 13. Mobile robot (10) in accordance with claim 12, 
characterised in that the top-hat (14) is shaped as a 
vacuum suction unit with two compartments (20) and (22) 
being arranged in the unit, and a fan (26) to establish an 
under-pressure in the compartments (20,22), so that air 
10 containing dust particles is sucked from the surroundings 
by way of openings (24) and into the compartments (20) . 
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